In the present paper, used cigarette filter ash was prepared and used as an active adsorbent to remove As(III) ions from aqueous solutions. The prepared adsorbent structure was identified by scanning electron microscopy analysis, Brunauer-Emmett-Teller method and energy-dispersive X-ray spectroscopy analysis. The influence of contact time, pH, adsorbent dose and initial concentration of As(III) on the removal of As(III) was assessed. Several isotherm models were checked to illustrate the adsorption equilibrium. The adsorption equilibrium data adapted well with the Langmuir isotherm model. The maximum adsorption capacity of 33.33 mg/g was acquired from the Langmuir isotherm. The calculated thermodynamic variables verified that the adsorption process is spontaneous and endothermic.
Introduction
Heavy metals are high stable elements with bioaccumulation potential in the food chain. These metals do not have a task in the body and therefore cause toxic effects. Due to the development of industrial activities, an increase in the amount of heavy metals in river flows has resulted in the production of high levels of cadmium, mercury, nickel, lead and arsenic that have a high impact on water toxicity (Wang et al. 2011) . Heavy metals, even at low concentrations, are poisonous, carcinogenic or mutagenic. Therefore, they are a major concern of the international community (Mishra et al. 2019) . Pollution of water resources into heavy metals such as arsenic and contact with them lead to harmful effects on human health, such as kidney damage and high blood pressure (Huang et al. 2013) . Arsenic is a natural metal that is often obtained from the Earth's crust (Bhowmick et al. 2014) . The presence of arsenic in water resources is due to leakage from rocks and sediments and volcanic materials (Rahmani et al. 2011) . Human activities, such as melting of metals, the use of pesticides, glass and ceramics manufacturing, release arsenic into the environment and water resources (Li et al. 2019 ). Arsenite ( AsO 3− 3 ) and arsenate ( AsO 3− 4 ) are among the arsenic species found in water resources, especially groundwaters (Bhowmick et al. 2014) . Arsenite is more toxic than arsenate. Considering such hazardous effects of arsenic on human health, there is a critical demand for investigating low-cost methods for arsenic removal (Song et al. 2015) . Recently, due to economic considerations, research into inexpensive and efficient methods for wastewater treatment has been considered. Ash is a good alternative to activated carbon due to its low cost of production as well as the simplicity of the process (Vázquez-Rivera et al. 2015; Haddabi et al. 2016) . Ashes can be produced from a lot of carbonaceous materials, such as wood, peanuts and fruit stones (Moayedi et al. 2019) . Discarded cigarette filters are known to be one of the largest solid waste in the world (Smith and Novotny 2011) . They significantly contaminate the environment. The used cigarette filters are hazardous and toxic waste (Barnes 2011) . They are found almost everywhere, especially on sidewalks and beaches. They are dangerous when they find a way to enter water resources such as rivers and seas (Novotny et al. 2009 ). Almost most of the cigarette filters are made of cellulose acetate fiber, which is a plastic material.
These fibers include titanium dioxide and glycerol triacetate as plasticizer (Smith et al. 2015) . Here, we introduce the used cigarette filter ash as an effective adsorbent. The adsorption behavior of arsenic(III) on the surface of this new adsorbent has been studied in detail.
Materials and methods

General
All of the materials used in the present paper have been on an analytical scale. In this study, As 2 O 3 salt (Merck, Germany) was used to make an arsenic stock solution. Nitric acid and sodium hydroxide 0.1 mol/L were used to adjust the pH.
Preparation of used cigarette filters ash
First, the papers around the used cigarette filters were removed. Then, the filters were washed and dried in an oven at 80 °C for 24 h and were heated in an electrical furnace at 900 °C for 2 h. The method is similar to other researches that have been done (Lee et al. 2014; Soltani et al. 2014) .
Adsorption experiments
Adsorption of As(III) ions on used cigarette filters ash was investigated under discontinuous conditions. All tests were done in a 100-mL Erlenmeyer flask containing specific amounts of adsorbent and initial concentration of As(III) ions, at different times. By diluting the stock As(III) solution (1000 mg/L), solutions were obtained with the desired concentrations. In order to optimize the test conditions, the effect of pH on the adsorption process was studied in the range of 2-9. The initial concentrations for lead were 5-100 mg/L, the contact times were 3-60 min, and the adsorbent doses were 0.01-0.9 g. The prepared solutions were mixed at a constant speed of 200 rpm and the time set for each test. After the mentioned time, the solutions reached the equilibrium; at the next step, the used cigarette filters ash was separated from the solution by simple filtration. Then, the residual concentrations of As(III) were measured in the solution by atomic absorption spectroscopy (AAS). The adsorption efficiency (% removal) and adsorption capacity (q e , mg/g) could be calculated from the subsequent equations:
where q e is the equilibrium adsorption capacity (mg/g). C 0 and C e are the initial and equilibrium concentrations (mg/L) of As(III) in the solution, respectively. V and m are the volume of solution (L) and mass of adsorbent (g), respectively.
Adsorption isotherms
Adsorption isotherms were obtained by using 0.10 g of adsorbent and 100 mL of As(III) solution with different concentrations (5-100 mg/L) at 298 K. These solutions were buffered at an optimum pH (pH = 6) for adsorption and agitated on a shaker at 200 rpm until they reached adsorption equilibrium (10 min). The quantity of As(III) adsorbed was derived from the concentration change. After that, various parameters of the isothermal study were analyzed.
Adsorption thermodynamics
Thermodynamic studies were performed by investigating the effect of temperature (20-55 °C) at an optimum adsorbent dose (0.1 g) and initial concentrations of As(III) (10 mg/L).
Characterization
Surface morphology and particle size were investigated by a Hitachi S-4800 SEM instrument. The surface areas and the pore size distribution were analyzed using the Brunauer-Emmett-Teller (BET) method by a Micromeritics apparatus (Gemini 2375) by adsorption of nitrogen at 77 K. Adsorbent composition was determined using energy-dispersive X-ray spectroscopy (EDX) by an energy-dispersive X-ray XL30 Philips microscope.
Results and discussion
Characterization of adsorbent
The morphology of used cigarette filter ash was investigated using SEM analysis, as shown in Fig. 1 . By examining this image, it can be said that the average diameter of these particles is around 10 µm. The adsorbent has a porous surface and numerous cavities. This porous surface provides access of As(III) ions to internal adsorbent surfaces. To further confirm the used cigarette filter ash composition, EDX spectrum was investigated ( Fig. 2 ). Correlated signal peaks were found on the surface of the adsorbent sample. As expected, the main elements found in the used cigarette filter ash were carbon and titanium which correspond to the chemical composition of cigarette filters (Smith et al. 2015) . Some properties of the used filter cigarette ash are presented in Table 1 . The used filter cigarette ash has a surface area of about 37.982 m 2 /g and a porous volume equal to 0.743 cm 3 /g.
Determination of pH zpc
To determine pH zpc , distilled water solutions were prepared with a pH between 2 and 12 using HCl and NaOH (1 and 0.1 mol/L). Then, 50 mg of used cigarette filter ash was added to 50 ml of solution. After 24 h, the pH of the solution was read. As shown in Fig. 3 , pH zpc for the used cigarette filter ash is approximately 8.57.
Effect of contact time variations on As(III) adsorption
The study of the effect of contact time on the removal efficiency of As(III) indicated that As(III) adsorption involves two steps. The first step is the rapid adsorption, and the second step is the slower adsorption process that finally reaches the equilibrium conditions. The high rate of As(III) removal in the first step of the process can be attributed to the presence of active adsorption sites on the used filter cigarette ash surface. However, the number of such active sites decreases gradually with increasing contact time and increasing As(III) ions on the adsorbent surface, so that the speed of removal is noticeably reduced and the second stage begins. It should also be noted that the active adsorbent sites are located on the surface as well as the deeper part of the adsorbent. Therefore, at the onset of the adsorption process, all sites are able to participate in the adsorption process, but the surface sites are easily exposed to As(III) ions and are more likely to interact with them. As shown in Fig. 4 , the maximum removal occurs within the first 10 min of the adsorption process and then there was no noticeable increase in removal efficiency. As the surface sites are saturated, the adsorption continues through the inner parts, which will slow down the adsorption process. Of course, this does not mean that at the beginning of the reaction, the adsorbent internal parts are not involved in the adsorption process. In fact, all sites contribute to As(III) uptake, but the rate of uptake in the early stages is controlled by adsorbent surface sites (Ngah and Hanafiah 2008) . Based on the above results, the optimum contact time was determined 10 min (with 97.3% removal efficiency). 
Effect of initial pH on As(III) adsorption
As shown in Fig. 5 , pH variations are effective on As(III) uptake because it determines the type of arsenic ion species and the electrical charge of the adsorbent surface. pH zpc plays an important role in the adsorption process and affects not only the adsorbent surface load, but also the degree of ionization of the materials in the solution (Sigdel et al. 2016) . As shown in Fig. 5 , the general observation is that as pH increases, As(III) adsorption increases until pH = 6-7. Subsequently, as the pH increases, the amount of As(III) adsorption decreases. The used cigarette filter ash exhibits maximum As(III) removal near neutral pH because of the speciation of As(III). At pHs below 8, As(III) is mainly present in solution as H 3 AsO 3 and at pHs greater than 8 as species H 2 AsO − 3 , HAsO 2− 3 and AsO 3− 3 (Inoue et al. 2018 ). Based on the findings of this study, pH zpc for used cigarette filter ash is about 8.57. At pH greater than pH zpc , the used cigarette filter ash surface takes a negative charge and at lower pH takes a positive charge. Consequently, As(III) uptake onto used cigarette filter ash is not electrostatically desirable at high pH owing to similar charges or at very acidic conditions where As(III) and the surface of used cigarette filter ash have neutral charges. Because too much acidity was not suitable for the practical operating of water and wastewater samples, neutral solution (about pH 7) was chosen for additional tests.
Effect of adsorbent dosage on As(III) adsorption
As shown in Fig. 6 , with the increase in the adsorbent dosage, the percentage of As(III) removal is increased until it reaches equilibrium at 0.1 g. The reason for this increase is because as the amount of adsorbent increases, the number of sites active on the adsorbent surface can be increased. However, the decreasing trend in As(III) removal after 0.1 g can be attributed to the large number of free active sites participating in the adsorption due to the limited number of As(III) ions (Ngah and Hanafiah 2008; Habuda-Stanić and Nujić 2015) .
Effect of initial As(III) concentration
The effect of the starting As(III) concentration on its removal was investigated by gradually increasing its concentration from 5 to 100 mg/L. The change in removal efficiency percent on the initial As(III) concentrations is illustrated in Fig. 7 . The findings indicated that As(III) removal rises at low starting concentrations for a special adsorption time period. It can be said that the adsorption of arsenic rapidly occurs at the initial phase of the contact time, but it gradually slows down till the equilibrium. The fast adsorption at the initial phase is likely owing to the accessibility of large surface area for adsorption. After a certain time, the residual surface sites are hard to be captured due to repulsion forces between the solute molecules of the solid and bulk phases (Bazrafshan et al. 2015) . This causes longer periods to reach the equilibrium. Effect of temperature on the As(III) adsorption Figure 8 clarifies the impact of temperature on As(III) adsorption, where the adsorption efficiency enhanced linearly with an increment in temperature. To explain the reason for these results, it can be said that with increasing temperature, the mobility and the rate of As(III) ions emission on the surface of the used cigarette filter ash will increase, which will increase the removal efficiency at higher temperatures.
Equilibrium modeling
Experimental equilibrium data for the adsorption of As(III) on used cigarette filter ash have been investigated using Langmuir, Freundlich and Dubinin-Radushkevitch (D-R) isotherms. The linear equations for these isotherms are given in Table 2 .
Linear fitness of isotherm models
Linear diagrams of Langmuir, Freundlich and Dubinin-Radushkevitch isotherms are displayed in Figures S1, S2 and S3, respectively. The isotherm variables for each model are determined from the corresponding graphs and briefed in Table 3 . Additionally, the separation factor, R L , is also calculated for the Langmuir model and is defined as follows (Kazi et al. 2018 ):
(3) q e : experimental adsorption capacity (mg/g), q m : maximum adsorption capacity (mg/g), C e : concentration of As(III) in the solution at equilibrium (mg/L),K L : Langmuir isotherm constant (L/mg), k F & 1 n are Freundlich isotherm constants, β: a constant related to the mean energy of adsorption (mol 2 kJ −2 ) and ε is the Polanyi potential given as: = RT ln 1 + 1 C e , where T is the temperature (K) and R is the gas constant Freundlich log q e = log K F + 1 n log C e log q e vs log C e Kerkez and Bayazit (2014) Dubinin-Radushkevitch ln q e = ln q m − 2 ln q e vs 2 Kazi et al. (2018) where C 0 is the initial concentration of As(III) ions (mg/L) and K L (L/mg) is the Langmuir constant. The adsorption process is considered to be desirable if 0 < R L < 1. Furthermore, the mean energy E, which is the free energy transfer of one mole of solute from infinity to the surface of the adsorbent, can be evaluated by Eq. (4):
The presumptions of the Dubinin-Radushkevitch model are that the adsorption has a multilayer nature, includes van der Waals forces and is appropriate for physical adsorption processes. If E < 8 kJ mol −1 , then the adsorption process might be performed physically, but if E > 8 kJ mol −1 chemical adsorption may occur (Kazi et al. 2018) .
As the results show, on the basis of the values of R 2 , it can be decided that experimental data are more consistent with the Langmuir isotherm model. Many researchers have confirmed the validness of the Langmuir model for the adsorption process (Sigdel et al. 2016; Chowdhury et al. 2018; Inoue et al. 2018) . In accord with the Langmuir model, the maximum adsorption capacity (q m ) and Langmuir constant (K L ) for the adsorption process were calculated as 33.33 mg/g and 0.90 L/g, respectively. The calculated value for R L is 0.01 which is indicative of the high desirability of the adsorption process (0 < R L < 1). Furthermore, it is obvious that the adsorption of As(III) by the used cigarette filter ash may be illustrated as a physical adsorption process for the E value of 2.63 kJ.
Thermodynamic study
The thermodynamic variables like enthalpy (ΔH°), free energy (ΔG°) and entropy (ΔS°) variations and also activation energy (E a ) are parameters that control the spontaneity of an adsorption process. A process is spontaneous if its ΔG° decreases with increasing temperature (Ngah and Hanafiah 2008) . The temperatures used in this thermodynamic study were 293, 298, 303, 308, 313, 318 and 328 K. The impact of temperature on the As(III) uptake on the used cigarette filter ash was investigated, and it was found that the amount of adsorption increased with rising temperature. The discussed thermodynamic parameters are calculated using the following equations:
where K d is the equilibrium constant, q e is the equilibrium adsorption capacity of As(III) (mg/g), C e is the equilibrium As(III) concentration in the solution (mg/L), T is the solution temperature (K) and R is the gas constant (8.314 J/ mol K). The outcomes are presented in Table 4 . Positive enthalpy change (ΔH°) proves that the process is an endothermic type and the adsorption value consolidates the formation of partial chemical processes that exist throughout the adsorption process (Kumar et al. 2013) . The negative value of free energy change (ΔG°) points out that the uptake process is spontaneous. The reduction in ΔG° value with rising temperature also indicates the spontaneous character of the As(III) adsorption process (Zou et al. 2011 ). Liu and co-workers reported that As(III) adsorption by magnetite nanoparticles is endothermic and has a spontaneous nature (Liu et al. 2015) . The entropy change (ΔS°) is also positive; this proves that during the adsorption process, there is randomness at the interface of the fluid/solid. The adsorption capacity is a great significance variable that implies the behavior of an adsorbent. Table 5 compares the highest adsorption capacity of the used cigarette filter ash with other reported adsorbents for the case of adsorbing As(III).
Conclusion
Nowadays, it is very important to remove heavy metals such as arsenic from the water because of their toxicity. One of the methods of removing such metals is the use of used cigarette filter ash, which is very effective because of its easy preparation, rapid reaction time and environmental cleanup due to its collection and removal. In this research was prepared used cigarette filter ash as a new adsorbent for the removal of As(III) from aqueous solutions. The adsorbent structure was identified and analyzed by SEM, EDX and BET methods. The examining of the results of the study showed that the amount of arsenic uptake was dependent on the pH of the solution and the highest removal percent was obtained in the range of pH 6-7. Experimental data were fitted with various models of isotherm. Comparing the values of R 2 , the Langmuir isotherm model was chosen as the best isotherm model for describing the adsorption of As(III). The maximum adsorption capacity was calculated as 33.33 mg/g based on the Langmuir model. The calculated thermodynamic variables indicated that the uptake process is spontaneous and endothermic. Therefore, the used cigarette filter ash adsorbent provides a cost-effective and efficient way to eliminate As(III) from water.
